We examine the dynamics of convergence of the ASEAN5 plus the big three for nominal interest rates, inflation rates, and real interest rates. We test for convergence relative to the U.S and Japan, using monthly data over the period January 1990 -December 2010, using non-linear unit root tests. The results show strong evidence of stationary inflation and real interest rate differentials in all but China's inflation differential relative to the U.S., and stationary nominal interest differentials in most of the cases. We interpret these results as convergence in inflation rates and real interest rates in all cases, and as nominal interest convergence in most of the cases.
Introduction
In recent decades there has been a significant increase in the degree of international financial and goods markets integration, facilitated by the removal of many capital controls and barriers to the international movement of goods and capital across national boundaries (Frankel, 1992) .
Consequently, interdependence and linkages among national financial and goods markets have gradually strengthened. In terms of the Asian countries, most of them started liberalizing and deregulating their domestic markets in the mid 1970s and early 1980s. For example, Singapore liberalized its financial sector and abolished capital controls in the mid 1970s, while Indonesia, Japan, Malaysia, and the Philippines started liberalization in the early 1980s. On the other hand, Korea and Thailand started their liberalization in the second half of 1980s. In addition, most countries relaxed international capital controls by adopting more flexible exchange rate arrangements. For instance, Japan moved from fixed to flexible exchange rate system in 1973.
Other countries, such as Malaysia, Singapore, and Thailand, moved from fixed to managed float or limited flexibility vis-à-vis the U.S dollar or a basket of currencies.
In such integrated markets, interest rates (nominal and real) and inflation across countries should exhibit a long-run convergence trend. On the other hand, financial crises and turmoil were also significant in recent decades, and one would expect them to have affected the degree of international integration and hence, convergence. Whereas the increasing degree of integration is expected to increase convergence among economies, financial crises and turmoil are likely to increase divergence. For the Asian economies, this convergence may have been affected by the 1997/98 Asian financial crisis, which started in Thailand early July 1997 with the collapse of the Thai baht due to severe speculative attacks, forcing Thailand to adopt a managed floating exchange rate regime. The crisis quickly spread to neighboring countries and the currencies of Indonesia, Malaysia, the Philippines, Korea, and Singapore came under speculative attacks.
Convergence is typically taken by policy-makers to mean the reduction of inflation/interest rate differentials between countries (Siklos and Wohar, 1997) . Whereas, interest rates convergence serves as an indicator of the degree of financial markets integration, inflation convergence serves as an indicator of the degree of goods markets integration. Therefore, examining convergence in inflation and interest rates has important theoretical, as well as policy implications for the analysis of issues related to monetary policy and open-economy macroeconomic models. For instance, if the real interest rates of the Asian economies converge to either the U.S or Japan's real interest rate, the ability of the domestic monetary authority to conduct independent monetary policies will be severely limited to the extent to which the authority can influence the U.S or Japan's real interest rate. More importantly, finding evidence of nominal interest convergence provides support for uncovered interest parity (UIP), finding evidence of real interest convergence provides support for real interest parity (RIP), and finding evidence of inflation convergence provides support for purchasing power parity (PPP).
In terms of the literature on Asian countries, the bulk of the empirical work has focused on examining the validity of RIP, which is equivalent to testing the joint hypotheses of UIP and PPP. Therefore, this literature has the following drawbacks. First, since the validity of RIP is based on the validity of both UIP and PPP (in addition to Fisher hypothesis), this means that when RIP is rejected, we can't tell which is responsible for the rejection; is it the failure of UIP, or PPP, or both. Second, interest rate movements and inflation performance reflect different behaviors in different markets; namely financial and goods markets. Hence, testing RIP assumes that equilibrium in the two markets is attained equally and at the same rate and time. This assumption may not be correct since equilibrium in financial markets is attained quickly and at a faster rate than in goods markets. Therefore, it is more informative and more appropriate to test the time-series properties of interest rates and inflation rates separately. Third, most of this literature has utilized standard tests, such as the linear Augmented Dickey-Fuller (ADF) unit root test, that have low power since they do not consider nonlinearities in the adjustment process.
Recently, there has been an increasing interest in examining nonlinear adjustment in key economic variables, such as interest rates and inflation rates. This is because if nonlinearity is present but ignored and linear models, such as the ADF test, are used, this may result in a misleading conclusion about the time-series properties of the variables. For example, Pippenger and Goering (1993) , Balke and Fomby (1997) , Enders and Granger (1998), and Caner and Hansen (2001) show that linear unit root tests and cointegration tests have low power in the presence of nonlinearity. In particular, Pippenger and Goering (1993) argue that many economic relationships involve economic variables that have implicit transaction costs or arbitrage boundaries where arbitrage is too expensive and, thus, does not take place. They examine the power of unit root tests in detecting mean reversion in economic variables to long-run equilibrium in the presence of transaction costs and find that the power of these tests may fall dramatically under threshold processes. Furthermore, there are empirical studies documenting evidence of nonlinearities in interest rates and inflation rates. Enders and Granger (1998) find evidence of asymmetries in the term structure of the U.S interest rates over the period 1958 -1994 . Bierens (2000 apply a nonparametric nonlinear co-trending approach to the interest rate and inflation for the U.S using monthly data from 1954 to 1994 and find evidence of nonlinear trends in the two series. Million (2004) , Maki (2005) , Lanne (2006) , and Christopoulos and Leon-Ledesma (2007) provide evidence of nonlinearities in the relationship between interest rates and inflation. Coakley and Fuertes (2002) , Kapetanios et al. (2003) , and Choi and Moh (2007) provide evidence of nonlinear real interest rates.
In terms of the Asian countries, Baharumshah et al. (2010a) use quarterly data from 1977 to 2010 to examine the validity of RIP for a sample of 19 OECD and Asian economies utilizing linear and non-linear unit root tests. They find that RIP holds and that the alignments from real interest rate differentials are corrected in a non-linear fashion and that the adjustments are asymmetric in both size and speed. Baharumshah et al. (2008 Baharumshah et al. ( ) use quarterly data 1977 Baharumshah et al. ( -2002 examine RIP for the ASEAN-5 with the U.S. and Japan using non-linear unit root tests and find strong evidence of non-linear mean-reversion. Holmes and Maghrebi (2004) use monthly data from 1977 to 2000 to test the real interest differentials of four South East Asian economies with respect to Japan and the U.S., using nonlinear models. They find evidence of smooth transition autoregression (STAR) nonlinearities, and that large shocks to real interest parity are more likely to lead to the reestablishment of parity at a faster rate than small shocks.
In addition to nonlinear models, other techniques have been used. For instance, Kim and Ji (2011) examine mean-reversion of real interest rates for a number of Western and East Asian countries using monthly data from 1987 to 2007. Using panel unit roots, they find strong evidence that real interest rates are mean-reverting, in both major Western and East Asian capital markets, and that the speed of mean-reversion has slowed substantially over the Asian crisis of 1997. Baharumshah et al. (2009) use monthly data from 1976 to 2005 to examine RIP for seven East Asian economies with Japan and the U.S. using an array of panel-data tests in the presence of structural breaks and find strong evidence of RIP in all cases.
1 Ji and Kim (2009) utilize impulse response analysis on monthly data from 1980 to 2006 to examine real interest rate linkages for Korea, Singapore, and Thailand with the U.S and Japan and find an increase in the degree of capital market integration after the 1997/98 Asian crisis.
As for inflation convergence, the bulk of literature has focused on testing the validity of PPP, with very limited work on inflation convergence. Baba (2007) examines the price difference between Japan and Korea using city level good-by-good data for the years 1999-2001. Using time-series volatility analysis and cross-sectional difference analysis, Baba finds that the national border has a large effect on price dispersion, that the market between Japan and Korea is less segmented than the European market, and that the source of price dispersion depends on the characteristics of goods. Baharumshah et al. (2010b) , examine PPP for six East Asian countries with the U.S using quarterly data from 1965 to 2004, and find evidence of stationary real 1 The panel data approach has been criticized because it tests null hypothesis that all the series in the panel are nonstationary, in which case, the null would be rejected if there is only one series that is stationary (Taylor and Sarno, 1998 The rest of the paper is organized as follows. Section two explains the methodology and the rationale of using non-linear unit root tests. Section three provides the empirical results and section four concludes.
Methodology
Empirically, convergence in interest rates and inflation rates can be examined by means of unit root tests. which is in specification (1), assumed to occur continually and at a constant rate, regardless of the size of the deviation from equilibrium with a half-life deviation of ( ) ( ) ⁄ .
However, interest rates and inflation rates may exhibit nonlinearities due to the presence of transaction costs and inflation targeting. Empirically, this nonlinear behavior can be modeled through models that allow the autoregressive parameter ( ) to vary; such models include the smooth transition autoregression (STAR) model proposed by Granger and Terasvirta (1993) . In 
Where , -is the transition function bounded between zero and one, which determines the degree of mean-reversion. The transition function for the ESTAR model is given by , -, In carrying out the testing procedure for non-linearities in representation (2), we follow Terasvirta (1994) , in which we first, specify a linear autoregressive model to determine the appropriate lag length( ). And second, test the null hypothesis of linearity for different values of the delay parameter( ), and if it is rejected, determine the value of . To this end, testing for nonlinearities is carried out using the following specification (Terasvirta, 1994)
The null hypothesis of linearity ( ) is tested against the alternative of nonlinearity( ). Rejecting provides evidence in favor of nonlinear STAR model. The null hypothesis may be tested by an ordinary F-test. In order to determine the delay parameter , the linearity test in (3) is repeated for the range of values (Terasvirta and Anderson, 1992) . If the linearity test is rejected for more than one value of , the one that has the smallest p-value associated with the linearity test is selected.
Finally, we examine the mean reversion property of the differentials using the nonlinear unit root test developed by Kapetanios, Shin, and Snell (2003, hereafter, KSS) . The test is based on the following ESTAR model specification:
Where is a parameter determining the speed of mean reversion, and is an i.i.d. error term with zero mean and constant variance. The null hypothesis of unit root ( ) is tested against the alternative of nonlinear but globally stationary process( ). However, testing this null directly is not feasible, since is not identified under the null. To overcome this problem, KSS compute a first-order Taylor series approximation to the ESTAR model under the null to obtain the auxiliary regression
Where is the lag order selected by Akaike information criterion (AIC). The null hypothesis of unit root is tested against the alternative .
The Rationale Behind Non-linearties in Interest Rates and Inflation Rates
Variables such as interest rates and inflation rates may exhibit a nonlinear behavior due to a variety of reasons. Balke and Fomby (1997) , for example, argue that the adjustment to the longrun equilibrium may exhibit a discontinuous behavior due to the presence of fixed adjustment costs, or transaction costs, or policy interventions, such as exchange rate management and commodity price stabilization. This may create a band in which prices may diverge and in which arbitrage opportunities exist. They characterize this behavior in terms of a threshold cointegration where the equilibrium error follows a threshold autoregression that is meanreverting outside the band and has a unit root inside the band.
Other sources of non-linearity include inflation targeting and the opportunistic (approach to disinflation) behavior of central banks. According to Mishkin (2000) , inflation targeting is a monetary-policy strategy that involves the public announcement of medium-term numerical targets for inflation and an institutional commitment to price stability as the primary goal of monetary policy. With the adoption of inflation targeting, the reaction of the central bank may vary depending on whether inflation is above or below a particular target. Given that the central bank can influence the short-term interest rate, if the central bank is more worried about high inflation, then it would increase the interest rate more aggressively when the expected rate of inflation is above its target level than when it is close or below the target (Christopoulos and Leon-Ledesma, 2007 ).
According to the proponents of the opportunistic approach to disinflation Wilcox, 2002, and Aksoy et al., 2006) , when inflation is moderate but still above the long-run objective, the central bank should not take deliberate actions directed at fighting inflation but, rather, should wait for exogenous circumstances -such as favorable supply shocks and unforeseen recessions-to deliver the desired reduction in inflation. Similarly, when inflation is moderate but below the long-run objective, policymakers should not take deliberate countervailing actions but, rather, should wait for inflationary shocks and unforeseen expansions to bring inflation back toward the long-run level. On the other hand, when inflation is running substantially above or below its long-run target, policymakers should respond aggressively to bring inflation toward the long-run level.
Consequently, inflation targeting and the opportunistic behavior of central banks create a "band of inaction" around the target inflation level. If inflation is outside the band, policymakers will take deliberate actions to bring inflation toward the target level -inside the band. Once inside the band, policymakers would behave opportunistically (that is; not take deliberate actions) by accommodating shocks that bring inflation towards the target level and should focus on stabilizing output and employment around their potential levels (Orphanides and Wilcox, 2002) . This suggests that the behavior of policymakers changes depending on whether inflation is inside or outside the band of inaction and hence, the time-series properties of inflation and interest rates change depending on whether inflation is inside or outside the band. In inside the band, they are divergent and may be characterized by unit root, and outside the band they become mean reverting (Weidmann, 1997) . Consequently, interest rates and inflation rates may follow a nonlinear stochastic process that is mean reverting when the variable is outside the band of inaction and has a unit root inside the band.
Inflation Targeting in Asian Countries
Prior to the 1997 Asian financial crisis, exchange rates in most of the crisis-hit countries were pegged to the U.S dollar under managed floating regimes, except the Philippines which operated an independently floating regime. Reports from the IMF (1998) indicated that the pegged exchange rate relative to the U.S dollar was one of the major reasons for the crisis. Because of the crisis, most of the crisis-hit countries announced a shift from an exchange rate-based monetary policy framework to the explicit adoption of inflation targeting (Chow and Kim, 2006 
Preliminary Results
As a preliminary step, we investigate the stationarity of the nominal and real interest rates and inflation rates using the standard ADF unit root test. Because the Asian countries may have experienced structural breaks due to the 1997/98 crisis, we also apply Zivot and Andrews (1992) test, which allows for a single break endogenously determined. The authors propose three models for unit root testing. Model A allows for a one-time change in the mean of the series, model B allows for a one-time change in the slope of the trend function, and model C allows for a one-time change in both the mean and the slope of the trend function. The unit root null under each model is tested against the alternative of a deterministic trend with a change in either the mean, or the slope, or both. The number of lags is determined by AIC with .
The results from the ADF test, reported in normality test rejects the null hypothesis of normality in most cases. For nominal interest differentials relative to the U.S, the JB test rejects normality for China, Malaysia, and Singapore.
As for inflation differentials and real interest differentials relative to the U.S, normality is rejected in all cases. Relative to Japan, the JB test rejects the null of normality in all cases except for Singapore's nominal and real interest differentials and inflation differentials.
[INSERT TABLES 3 and 4 HERE]

Unit Root Tests and Convergence
Finding evidence of stationary differentials implies convergence. Conversely, failing to find evidence of stationarity implies divergence. Tables 5 and 6 provide the results of the linear ADF test and Zivot-Andrews test relative to the U.S and Japan. At the 1 and 5 percent significance levels, the linear ADF test reveals evidence of nominal interest convergence for only Indonesia and Malaysia relative to the U.S, and for only Indonesia relative to Japan. On the other hand, the test suggests inflation convergence in all cases, except China and Singapore relative to the U.S and Japan. While we reject real interest rate convergence for Japan and Korea relative to the U.S, we reject it in all cases relative to Japan, except for Indonesia and the Philippines.
[INSERT TABLES 5 and 6 HERE]
Applying Zivot-Andrews test shows evidence of nominal interest convergence for Korea, Malaysia, the Philippines, and Thailand relative to the U.S, and for Korea, Malaysia, and for
Thailand vis-à-vis Japan, with structural breaks around the 1997/98 Asian crisis. Conversely, inflation convergence is found in all cases, except for Japan relative to the U.S., and for all cases, except for Singapore relative to Japan, with most of the breaks around the 1997/98 crisis. Real interest convergence is detected for China, Korea, the Philippines, and Thailand relative to the U.S., and for China and Korea relative to Japan.
Thus, including endogenously determined structural breaks in the data generating process of the differentials using Zivot-Andrews test leads to slight improvement in nominal interest and inflation convergence, and no improvement in real interest convergence. Overall, we find evidence of inflation convergence, but limited evidence of nominal and real interest convergence, particularly when Japan is the reference country.
Although the Zivot-Andrews test is more powerful than the linear ADF test in the presence of structural breaks, neither accounts for nonlinearities. If nonlinearity is present, applying the ADF test, or Zivot-Andrews test might be misleading. Therefore, in the next section we test for the presence of nonlinearities in the behavior of .
Linearity Test
The results of conducting the linearity test are presented in table 7 over the range for the delay lag length * +. In most cases, the optimum order is between one and four months indicating a rather fast response to shocks, and that market participants react to deviations with a delay of one to four months. The longest delay is 12 months observed for Japan's inflation differential relative to the U.S., and for China' nominal and real interest differentials, the Philippines' inflation differential, and the Philippines' real interest differential relative to Japan. The optimum autoregressive order ( ) is determined by AIC.
[INSERT TABLE 7 HERE]
The Having established this type of nonlinearity in all cases, the next section presents the results of testing the stationarity of the differentials using Kapetanios et al. (2003) . show evidence of nominal interest rate convergence for all countries except China, Japan, and Singapore relative to the U.S, and except China relative to Japan. Conversely, convergence in real interest rate differentials and inflation differentials is found in all the cases, except for China's inflation differential relative to the U.S. Thus, by using the nonlinear KSS test, we are able to find real interest convergence and inflation convergence in all cases and regardless of the reference country, except for China's inflation differential relative to the U.S. On the other hand, nominal interest convergence is found for the most of the cases.
Nonlinear Unit Root Tests
[INSERT TABLE 8 HERE]
The policy implication of these findings of convergences is that the differentials are not persistent and, thus, goods and financial markets are integrated. This convergence makes the national monetary policy a less effective stabilization policy tool, since; in this case, the ability of the domestic monetary authority to influence internal real interest rates and other variables that depend upon them will be severely limited to the extent to which the monetary authority can influence the reference country's real interest rate.
The Impact of the Asian Crisis
In this section we investigate the impact of the 1997/98 Asian financial crisis on the differentials. In particular, we attempt to assess the effect of the crisis on the convergence process, and investigate whether the crisis pulled the Asian economies together or pushed them apart. To this end, the full sample (January 1990 -December 2010) is split into pre-crisis period (January 1990 -December 1996 and post-crisis period (December 1998 -December 2010), and then the nonlinear KSS test is applied to the differentials. The results, reported in table 8, for the pre-crisis period reveal no evidence of nominal interest convergence in all cases and regardless of the reference country, except for Indonesia against the U.S. On the other hand, the results for the post-crisis period indicate evidence of nominal interest convergence in all cases relative to Japan, except for Thailand. This suggests that nominal interest convergence has been affected by Asian crisis; in particular, the crisis pulled the countries' nominal interest rates together relative to Japan. The results for the post-crisis period against the U.S show nominal interest convergence for Malaysia, the Philippines, and Thailand. This, again suggests that the crisis has affected nominal interest convergence for these countries and pulled them together relative to the U.S.
The results for Indonesia relative to the U.S suggest that nominal interest convergence has not been affected by the crisis, since the unit root null is rejected for the full sample as well as for the pre and post-crisis periods.
Turning to inflation differentials convergence, the pre-crisis period results relative to the U.S
show convergence for all cases, except for China and Korea. The test results for Korea suggest the possibility that inflation differentials follow an explosive process. Conversely, for the post-crisis period, the results show convergence in all the cases. Again, these findings of inflation convergences for the post-crisis period suggest that the crisis pulled these countries together relative to the U.S. Interestingly, China's inflation convergence relative to the U.S is detected only for the post-crisis period, as no evidence of convergence is found for the full sample as well as for the pre-crisis period. Inflation convergence relative to Japan is confirmed in all the cases in the pre-crisis period, except for China, which is confirmed only for the post-crisis period.
Real interest convergence relative to the U.S is found for all the countries for the full sample as well as the post-crisis period. For the pre-crisis period, convergence could not be established for China, Indonesia, and Thailand. This suggests that, once again, the crisis pulled these countries together. The results relative to Japan show real interest convergence in all cases for the full sample and for the post-crisis period as well. However, no evidence of convergence is found for China and Indonesia for the pre-crisis period.
Overall, the Asian crisis has affected the convergence process. In particular, the crisis has increased the number of convergences in nominal and real interest rates and inflation differentials. These findings support previous studies that found that the degree of markets integration has increased in the Asian countries after the crisis. For instance, Ji and Kim (2009) find that the degree of capital market integration of the Pacific-Basin countries has increased after the Asian crisis. Nusair (2008) Asian countries during and after the crisis period, but not for the pre-crisis period.
Summary and Conclusion
We examine the dynamics of convergence of the ASEAN5 (Indonesia, Malaysia, Philippines, Singapore and Thailand) and the big three (China, Japan and Korea) for nominal and real interest rates, and inflation rates. We test for convergence relative to the U.S and Japan, using monthly data over the period January 1990 -December 2010. Convergence is investigated by examining the stationarity of nominal interest differentials, inflation differentials, and real interest differentials, non-linear unit root tests, in addition to using linear tests and tests with structural breaks. Finding evidence of stationary differentials is taken as evidence of convergence.
The linear tests and tests that endogenously determine structural breaks provide only limited evidence of stationary differentials and hence, limited evidence of convergence. On the other hand, the nonlinear test provides strong evidence of stationarity and hence, convergence. In particular, the results show strong evidence of stationary inflation and real interest rate differentials in all but China's inflation differential relative to the U.S., and stationary nominal interest differentials in most of the cases. We interpret these results as convergence in inflation rates and real interest rates in all cases, and as nominal interest convergence in most of the cases.
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